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The Calibration, of a Transmission Dynamometer, 
and Tests with same on Engine Lathe. 
by 
C. S. Dearborn. 
A transmission dynamometer is an instrument by means of which 
the power in a rotating shaft may be measured during its transmis- 
sion through a belt or other connection to another shaft, without 
being absorbed. 
The dynamometer in question is of the Brigg's belt type, and 
was built by the Mechanical Engin.:ering Department of the Kansas 
State Agricultural College, from drawings made by the author in 1902. 
Preliminary trials showed a stiffness in the action of the weighing 
mechanism that precluded reliable results, and changes in the con- 
struction were accordingly made for the purpose of doing away with 
this defect. 
Its essential features consist of two pulleys over which runs 
a belt transmitting the power to be measured, and a weighing mechan- 
ism by means of which the difference between the tension in the tight 
04 /he .6e/t and tha/ /./7 74e s/aak por74ion 
portion maybe determined. 
The two pulleys A and C, Fig. 1, are keyed on parallel hori- 
zontal shafts running in brass boxes, which are supported by stand- 
ards mounted on the rigid bed. The belt B travels in the direction 
indicated, C being the driven pulley, and the lower portion of the 
belt the tight side. Two triangle -shaped castings, one on each side, 
are pivoted on the ball bearings on the standards at E, and are 
rigidly connected at F and G by two hardened shafts on which the two 
1./- 3 3 -- 
guide pulleys rotate. Any movement of this rocking frame is there- 
fore in a vertical plane, and is transmitted through the links H and 
to the scale beam. A lever K, fixed to a shaft supported in 
ball bearings, connects with these links and carries the balance 
weights L and the dash -pot rod M. The weights may be moved toward 
or from the fulcrum, and are thus made to balance the weight of the 
links, guide pulleys, rocking frame and belt. The dash -pot consists 
of a cylinder containing oil, in which works a loose -fitting piston 
past which the oil may flow more or less freely. Its purpose is to 
lessen the amplitude of vibration of the scale beam. 
The design is such that when the scale beam is horizontal, the 
balance lever aleo is horizontal, the two guide pulleys are equi- 
distant from the center -line of belt pulleys, the one directly above 
the other, and each of the four portions of belt between pulleys 
makes an angle of 750- 31' with the perpendicular. 
Let the balance weights be so adjusted that when the dynamometi 
is not running the scale -beam balances, reading zero pounds; then 
clearly at all points in the belt B the total tension is sensibly 
the same. But when a belt transmits power by its frictional resist- 
ance against the face of a pulley over which it passes, there must 
necessarily exist a difference in tension in the belt at its two 
points of tangency, equal to the turning force exerted upon the pul- 
ley. 
Let the belt run in the direction indicated by the arrow, and 
exert a turning force P on the driven pulley C. Also let the scale - 
beam be kept in balance by means of the poise or by hanging known 
weight6 on the long arm of the scale -beam. 
Let T1 = total tension in belt at point 1. 
and Let T2 = total tension in belt at point 2. 
Then P =T -T 
2 1 
The two guide pulleys are fitted with case-hardened bushings 
which run on hardened shafts; also, that component of the belt ten- 
sion producing pressure between guide pulley and shaft is compara- 
tively small; hence it may be assumed that that the frictional resis 
ance in these two bearings is negligible, from which it follows that 
every point in the tight side of the belt between the points of 
tangency with the pulleys A and C has the tension 
2' 
and every poin 
in the slack side the tension T1. 
In Fig. 2, using the same notation, the vertical component of 
the belt tension T2 and the equal resistance T2 is seen to be 
R = 2T cos (75°- 31') = T2 
2 2 
2 
Likewise R1 = 2T1 cos (75°-31*) = 1 
2 
The resultant of these two components is a force R2 - R, act- 
ing vertically downward. Since the forces acting on the weighing 
mechanism are in equilibrium this downward force is opposed by an 
equal force W acting vertically upward at the knife-edge in the 
short arm of the scale -beam. The ratio of the arms of the scale- 
4487 
beam being known, W is determined from the known weights on the long 
arm. The weights used and the graduation of the beam are such that 
the readings give W direct, in pounds. 
Then W = R -R =T2 
T1 
P 
2 1 2 2 
P = 2W 
Then the horsepower delivered by the belt is 
HP. = Force (lbs.) x distance (feet per minute) 
33000 
= 2W x'7tD x R.P.M.(driven pulley) 
33000 
where D is the diameter of driven pulley plus the thickness of belt, 
on the assumption that the neutral axis of the belt lies midway be- 
tween the two surfaces. 
Since 2/7711) is constant 
33000 
HP. = K x W x R.P.M. 
In using the dynamometer it is more accurate as well as more 
convenient to balance the weighing mechanism by means of weights L 
while the belt is running at constant speed either without external 
load or with any constant load. Any increase in the load is then 
shown on the scale -beam, and th necessity of subtracting the power 
reauired to overcome the internal friction of the dynamometer itself, 
as well as the given load is thereby avoided. 
Calibration of the Dynamometer. 
The purpose of the work of calibration was to find the law 
according to which the results as calculated from the data given 
by the dynamometer vary from the truth, and to determine that con- 
stant or that factor by which the calculated results must be af- 
fected in order to make correction for the error due to such vari- 
ation. 
Because of its simplicity as well as its accuracy, the Prony 
brake method was adopted as the best by which the power delivered 
by the belt could be measured. The calibration, then, consists in 
a comparison of results calculated from dynamometer data with re- 
sults calculated from brake data. 
The apparatus used, (see Figs. 1 and 3) included the dyna- 
mometer, a Prony brake,a Fairbanks platform scale readin to 
quarter 
-ounces, a brake -pulley cooling device and a Starrett rev- 
olution counter. 
The Prony brake is of hard maple constructed as shown and 
fitted to the crowned pulley N, which is keyed to the shaft driven 
by belt pulley C. The two clamp wheels, with the springs, provide 
means for adjusting the lower brake shoe so that any desired amount 
of pressure between brake and pulley may be attained. The knife- 
edge 0 resting on the scale platform, has its upper edge placed in 
a shallow groove cut across a steel plate screwed to the brake., 
which prevents any change in length of brake arm. 
In order to prevent excessive heating of brake, pulley, shaft 
and bearing, it was found necessary to provide means for cooling 
the brake pulley. Figure 3 shows the device used. Cold water under 
a head of a few inches flows through the supply tube into the en- 
closed space S inside the brake pulley rim, and after taking up more 
or less of the heat generated by the friction, passes out through 
tle exit tube. The open casing Q, which is stationery, extends 
over the exit tube a sufficient distance to retain the issuing water, 
which then flows off through the drain tube. The sleeve which acts 
as a bearing for the end of the 
Q so that in case the supply of 
emptied inside Q. By adjusting 
at the proper distance from the 
supply tube extends into the casing 
water is too great the surplus is 
the supply head and fixing the exit 
central opening, any desired quanti- 
ty of water may be brought in contact with the pulley rim, and a 
uniform low temperature maintained. This tends to prevent the 
thinning of the grease on the brake -shoes and its consequent loss, 
as well as any undesirable increase of friction between pulley and 
brake after the brake -load has been balanced. 
The method of operation was as follows. The dynamometer was 
belted to an electric motor running at practically constant speed, 
and leveled. The platform scale was also leveled in position as 
shown, and balanced at zero pounds with the knife-edge in place on 
the platform. 
After the dynamometer had been running long enough to attain 
constant working conditions, the brake was placed on the pulley, 
the rubbing surfaces being well lubricated with machine oil. The 
lower shoe hanging clear of the pulley the brake was balanced, by 
means of weights suspended from its short arm, in such a way that 
its slight contact with the knife-edge 0 did not materially affect 
the equilibrium of the brake scale -beam. The dynamometer scale was 
then balanced at zero pounds by adjusting the weights L, oil being 
continuously applied to the pulley face while balancing to reduce 
the friction load to a minimum. While running under these condi- 
tions the number of revolutions of the driven shaft during a period 
of five minutes was taken. 
The brake scale was then arranged to indicate one pound weight 
on the knife-edge 0, and the brake clamp wheels were tightened until 
the scale balanced. While the brake scale was thus balanced the 
dynamometer scale was brought to balance by means of known weights 
and the sliding poise. A run of five minutes was then made under 
these constant conditions and the total revolutions taken as before. 
In case the brake friction increased, thus throwing both scales out 
of balance, the clamp wheels were adjusted to maintain the balanced 
condition. 
In a similar manner the readings of both scales, the duration 
of the run and the total revolutions of the driven shaft during the 
run were obtained as given in Calibration Log. Two series of 
readings at different driving speeds were made, the object being to 
have the scale readings of each series serve as a check on those of 
the other. 
The power absorbed by the brake is obviously equal to that 
delivered by the belt to the driven shaft, due allowance for the 
friction at zero load having been made by balancing the dynamometer 
at that load, it being assumed that any change in this friction 
under greater loads is so slight as to be negligible in practice. 
The formula for the power absorbed by a Prony brake is 
WB x 277IL x R.P.M 
HP. = 
B 33000 
KB x WB x 
where W = brake scale reading in pounds, 
B 
L = length of brake arm in feet, 
R.P.MB= revolutions per minute, of brake pulley, 
27YL 
K = brake constantB = 
33000 
By this formula the values given in column "Brake horsepower," 
Calibration Log, were calculated. The corresponding values in col- 
umn "Dynamometer horsepower" were calculated from the formula pre- 
viouSly deduced, 
HP =K xW xR.P.M, DDDD
where the subscripts refer to dynamometer. 
From a comparison of corresponding values in these two col- 
umns, it i$ seen that in no instance are they equal; but from the 
accompanying "Calibration Curves " it appears that, within the limitE, 
of error in observation, the ratio D is constant. Hence 
WB 
is constant, and a factor introduced into the 
HPD 
HP 
KD x WD 
K x W 
B B 
formula for the horsepower will therefore make proper correction 
for the dynamometer error. This calibration factor is obviously 
HP Its value for each reading is shown in Calibration Log, 
HPD 
the average for each series being practically the same, i.e. 
1.013, with a probable error in the third decimal place. 
The formula then for computing the power transmitted by this 
dynamometer in its present condition is HP = 1.01 x K x W x R.P.M. 
A point that should be noted is in regard to the sudden increase in 
belt slip at reading 17, both series. The belt was new, with glued 
joints and in perfect condition. It had bee n well stretched before 
being joined and although no means for measuring the exact tension 
were at hand, it was apparently under a tension usual in practice. 
The section was 0."18 x 2U75, and at the given speed the belt should 
have a capacity of five horsepower, whereas it slipped at less than 
half this amount. A belt dressing was tried, but with no effect, 
since the belt was new. It is possible that the capacity of the 
dynamometer could be safely increased to that for which it was de- 
signed by shortening the belt. Since shortening the belt will not 
of itself affect any of the factors in the horsepower formula, and 
the decrease in thickness due to strain may be neglected, such a 
procedure will not materially affect the calibration factor for any 
powers within the limits reached. It is also to be considered pro- 
bable that this factor will have the same value for the higher 
powers up to the maximum capacity of the dynamometer. 
7LL/t3 
Tests on Engine Lathe. 
A part of the lathe equipment of the College Shops consists 
of ten engine lathes of 14 inches swing. All are belt driven from 
countershafts in the ordinary way, these being driven from a line 
shaft which runs the entire equipment, a ten horsepower motor sup- 
plying the power. 
The object of the tests was to determine, approximately, the 
gross power necessary to operate one of these lathes at its maxi- 
mum capacity under the ordinary conditions of shop practice. The 
lathe chosen for the test was one of four built at the shops several 
years before, and although not in first class condition, represented 
fairly well the others of its size. 
The dynamometer was driven in the same direction as when cali- 
brated,by a three inch belt from the line shaft. After having been 
leveled, its scale -beam was brought to a balance by adjusting the 
weights L. The countershaft driving belt was then put in place on 
the small (brake) pulley of the dynamometer. (The diameters of the 
pulleys were such as to give the countershaft approximately the same 
speed that it had when belted direct to line shaft). 
The lathe spindle and geared feed were then put in operation, 
with the work on centers. The scale was balanced and the reading 
noted, together with the revolutions per minute of the dynamometer 
pulley C, as given in Log of Machine Tool Test. From this data, 
the dynamometer constant and the calibration factor being known, 
the power required to drive the lathe running idle was calculated 
by the formula 
HP. = 1.01 x 0.0002556 x W x R.P.M. 
as given in log. 
The stock being turned true, its diameter was taken with cali- 
perS and scale. A cut was then taken, the tool being fed automati- 
cally by the screw -cutting mechanism. During this operation the 
scale -beam was balanced, and the revolutions per minute of lathe 
spindle and dynamometer were noted. The final diameter of stock was 
then found as before. These values, with the scale reading, are 
entered in their respective columns in the log. 
In this manner the data given in the several log sheets was 
obtained, the different materials, cast iron, wrought iron and 
machinery steel being used for comparative purposes. The total 
horsepower is calculated as before, while the horsepower per cubic 
inch of metal removed per minute, which is the basis of comparison 
of the power required for different materials, as well as for differ 
ent areas of cut, is obtained by dividing the computed horsepower 
for any given run by the cubic inches of metal removed in one min- 
ute during that run. The latter was calculated from the area of cut 
mean diameter of cut and the revolutions per minute of stock. That 
orig. dia.-11-final dia. 
is, cubic inches per minute = cut x feed x x/rxR 
2 
The tool used in the tests was of self -hardening (Rex) steel, 
a diamond -nose with slightly rounded point, ground to angles ap- 
proved by the shop foreman. For all the materials, the front clear - 
was about 10 degrees, the cutting edge being level with the centers 
P.M. 
4 
and at an angle of about 60 degrees with the axis of the work. For 
the cast iron the cutting angle included between the two plane sur- 
faces intersecting in the cutting edge was approximately 70 degrees. 
For the wrought iron this angle was reduced to about 65 degrees, and 
for two runs with the steel was reduced to 60 degrees. Care was 
taken to keep the tool sharp, and lard oil was applied freely when 
cutting wrought iron and steel. 
The majority of the runs were made at that speed of lathe 
spindle that the cone pulley belt would maintain without excessive 
slipping. This belt was slack enough to shift readily by hand, and 
the speed was found to be considerably lower than has been found 
possible with self -hardening steels. The highest surface speeds for 
the different materials used were as follows: 
Hard cast iron 15 feet per minute. 
Soft cast iron 38 feet per minute. 
Wrought iron 27 feet per minute. 
Machinery Stctel 31 
The number of times the tool required sharpening, even at these com- 
paratively low speedswould seem to indicate that this particular 
tool was but little better than an ordinary water -hardened tool. 
The results of the tests with the different materials, cuts 
and feeds are plotted as "Power Curves" with horspower per cubic 
inch of metal removed per minute as ordinates, and depth of cut as 
abscissae. The curves are drawn so as to make an approximate allow- 
ance for the condition of the cutting edge of the tool. From these 
it will be seen that the gross power required varies with the mat- 
erial operated upon, the least being required for the soft east 
iron,and more for the hard cast iron, wrought iron and machinery 
steel, in order. It is to be noted that the two heavy cuts in the 
machinery steel required less power than is indicated by the curve f( 
a similar cut in wrought iron. This is undoubtedly due to the use 
of a more acute cutting angle of the tool for these two cuts, the 
effect of which is to lessen the power required,as long as the tool 
remains sharp. 
These results agree substantially with those found by the 
Bickford Drill and Tool Company from tests (Amer. Mach. Jan. l4-2l-ll 
of power required in drilling these materials. This was to be ex- 
pected, since there is no essential difference in the operations of 
drilling and turning as far as such tests are concerned. 
A more important deduction from the results of these tests is 
that the heavier cuts are the more economical of gross power. This 
is to be expected, for the waste. work is a much larger proportion of 
the whole work at light than at heavy cuts. Whether this law of 
greater efficiency at the heavier cuts holds true in regard to the 
net power, - the power delivered at the tool,- can not be satisfaCt- 
orily determined from these tests, for the reason that the power los' 
in belt slip can not be determined from the data obtained. 
From a consideration of the comparatively low cutting speeds 
which the excessive slip of the cone pulley belt made necessary, it 
is plain that the capacity of the lathe could be increased by the 
use of a tighter belt, and the efficiency also would be greater 
because of the reduced loss of power which would result from reduced 
q -z./- 7 
slip. 
It appears, then, from the log that the maximum power used by 
the lathe is approximately 0.8 HP. This value was reached in the 
hest with wrought iron, surface speed 28 feet per minute, area of 
3" 1 
cut --- x---32" . It is to be noted that at this point (see Power 
32 
Curves) the efficiency is the least for this series with the except- 
ion of one instance, in which the cut was made without oil, and 
which is therefore properly excluded from the comparison. 

0 
I. 
cA ,..47-,ont 
8. 
1 t 
1 
I 
1 I 
1 1 
Q 
BRAKE L_ EY 
4/G. 3. 
INERT/CAL SECTION 
5Howtivo piE-7-frroD OF COOL/NG 8RAKE PULLEY. 
SUPPLY 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. MADE AT Manhattan 
-Kansas. 
A/tech. Elise. Laborat_04,-v. 
ON Transmission Dynamometer. 
DATE June 23-24-104 
CALIBRATION LOG CONZTANT3 
Length brake arm, 31.5 in. Diane. driven pulley, 1-5:3 Brake constant a0004M3 Thickness of belt, O. 
Dynarnorneter constant, 0.0002556 
OBSERVERS 
C.L5DEARBORN. 
NO. 
DU R- 
ATION. 
(p*Nc,,-,.5) 
REV DRIVEN PULLEY: 'SCALE'S (ROL/NOS). HORSE 
-POWER. 
REMARKS. 
/- 
...fALIBRATION 
FACTOR. 'TOTAL PER MIN. BRAKE D viv. BRAKE DY.N. 
I 5 1800 360 0 0 0 0 2 5 1795 351 / 1.73 .1774 .1770 1.013 6 2148 .358 2 3.85 .3579 -3,520 1.016 IN COLUMN l:DY'N. SCALE" riir.RE. /s A RROBABLE ,c, N. 4 5 / 775 355 3 .5.80 .5.32.3 .5265 1.0i I ERROR IN SECOND OEC/"1.41- PPi-AGE. ANL, IN COLUMNS 
5 5 / 765 .3, 5 4 7.70 .706 
.615 1.016 "Hoff5E-piowe.,7"ANO "CAL/BRAT/ON FACTOR' IN "THIRD 6 5 1 755 35/ 5 41.60 .377 
.562 1.015 DECIMAL PLACE. 7 5 1 742 348.4 6 1 1.60 1.045 1.033 1.011 
1 3 5 1740 348 7 13.5o 1217 /.Zoo 
-. 61 5 / 765 353 8 1545 1.411 1.393 
__l.0/4 
1.0/2 (1)10 6 2079 346.5 q / 740 1.557 1.542 1.491 I 
14 I I .5 1682 336.4 I 0 19.30 1.68/ 1-659 1.013 112 6 I 98o 330 11 21.20 1.5 1 4 1.783 1.015 O ) /3 5 1610 .322 /2 23.I5 1.q.31 1.945 1.014 14 5 1 563 3 12.6 13 Z5-10 2.03 / 2,005 1.013 15 6 /600 300 14 27.00 2.1979 2.070 1.014 
1 6 5 /455 291 15 2.513 2.161 2.132 104 17 16 BELT SLIP INCREASED TO /00 PER GENT AVERAGE P -OF? c.S.E-RIES / - 1.0136 
I 5 2770 555 0 0 0 0 
2 5 2750 550 1 1.7.3 2747 .2713 4013 
C1 3 4 218o 545 
.3.85 .5448 .5365 1.0/ 6 
CNI 4 5 2705 54/ .3 5.50 .8112 ,5021 1.011 
'14 5 4 2148 5.37 4 7.7Z 1.074 1.060 1.013 Z 6 4 2140 5.35 .5 7.62 1.337 1.316 1.016 
7 4 2/2o 53o 6 11.55 1.507 1.564 1.016 
I 0 1.572 524 7 /3.50 1.833 1.808 1.01.4 
(Nz y 4 2060 515 5 1545 2.059 2.034 1.012 
10 4 1776 477 9 1740 2.245 2.223 1.011 
1I 5 1425 476 ID 19,30 1.379 2.,4e3 1.013 to(1 
12 .3 /335 44.5 1 / 2120 2.447 2412 1.0/5 
2.459 
2.456 
2,455 
2.425 
1.014 
1. 0/5 
14 /3 0 530 41.5 
.378 
/2 
13 
23.15 
25.10 (r) 14 2 756 /5 2 662 33/ /4 2700 0.316 2.284 1.014 16 2 366 15.3 15 20.f.5 /.372 1.354 1.015 
17 16 E341..r $1.../P INCREASED TO /00 PER CENT. 
AVERAGE. F-0/;' SERIES 2 _ _ _ 
- 
- 
10136 
26 
24 
4' I 
Zo 
TI 
GALieffA-r10^1 Ccrnv4". 
TRANSMISSION OrivAr4OPfe'rEFf. 
SERIEs 
c A, virrC CONSTANT 
£7 )-W. CONS 7A1.4 
Cv/Tve BRAKE .50AL 
DY-N. ScAL.E. 
C A L. LORA -1-1 0 N rA 0 AT A 8. 
. . 
4 /2 /6 
P/To iv 7- E319A fr-CE ÔCA1E- PouP10.5). 
L . 
DEPARTMENT OF MECHANICAL ENGINEERING., K. S. A. C. 
MADE AT MA /411-7'Ar" 7:4 1".(A 
kr:5 A.G. PIE or/. EA.. 
ON /4 /Alcbi ZNO /Ai e LA 7'1. (MACHINE AND SIZE.) 
DATE Ji,vZ_ 2 7- /..904. 
OBSERVERS: 
MACHINE -TOOL TEST. 0,..5.47EAITEgo,eivv. 
0.4(.57- /RON. -C OA IT -0 A7,41 / HAM". 
(KIND AND NATURE OF MATERIAL.) 
No. 
Dimensions of Stock. 
(Diameter or thickness.) finches., Cut. Feed. 
R. 1-3. M. Scale 
Beading. 
H. P. 
Remarks. 
4 
A Original. Final. Dyn. Counter Shaft. Spindle. 'rota]. Per cubic inch metal removed per minute. 
200 .0 .000 pr-ivAiwo"-m-TEA- 13,4 LNEC, P7 5 'E OF AL.L. 4-0/40 / 
___LA77-1 .SP/ /VOLE AND FEE0 GZ'Alz? I IV O_PEAA7vaN, 2 0 1 di .. 2 , 90 ' w L47 
_ 
..56 
.5 Le 5 216 zoo 24 6. 00 .5 /0 69'Z 
.52 .56 
Z /6 I 
, /...5 
-,f 
2 00 22 6.30 .325 .6.57 4 / 6 .56r 
5 Z -2- 8 , /5 / 7 
. / r .5 1.3 7.20 .363 ,688 ,..-roc l_. v.E-,7).- oui...z_. 16 .3 -36 
e) if 12-1 - 7 1 ? 7 32 /.3o .626 .6o2 -7-004 iti'ZafrOLIAAO. 3-2 .3 6 
_ 
..,:. 
_ 
. 
. 
_, 
t.e 
FROM 
EiV 5/Ala- LA T/1 
/4 intch9. 
MA CH/ /v.e: 5 7-4 4 L-., 32 1 /N. FEED i MARKEL) X 
Ylli'iwz/Gitr- /iY ow7 --- / /v. PEED , >" X 
kV/wt./Gm r /H0/v, 
ei- 
int. FEED, if X 
flAITZ2 GASr hciON1 36 . /N FEED, ft IX} 
5OFT CAST /Rani, -I- IN. FEED, st 0 
.3 2 
0 
t- 
5 4 5 6 7 
- 
lo 11 1Z 13 14 /5 16 
DEPT -if Of` cv r SIX T Y.-- FOI..44?-7-11,5* /NCH. 
.:D. 
DEPARTMENT OF MECHANICAL ENGINEERING., K. S. A. C. 
MADE AT I At 1-1-4 T N - 
MA -cm E/Va 2....4130/4.47-0APV. 
ON /4 /NCH ZA/G/A/ L-4171-fE (MACHINE AND SIZE) 
MACH/NE-TOOL TEST 
DA TE A8 -4904 G-4 r //Toni (KIND AND NATURE OF MATERIAL.) 
OBSERVERS: 
C.5_ DEAR.430.yefw 
No. 
/ 
Dimensions of Stock. 
(Diameter or thickness.) 
Cut. Feed. 
a P. M. Scale 
Reading. 
(Its.) 
11. P. 
Remarks. 
Original. Final. Dyn. Counter Shaft. Spindle. Total. E'er cubic inch metal removed per minute. 
i 2 OQ 0.0 00 
.D)--/vAmcv,-/E7---fr li3ALAIVG.E.0 i'-/P OF ALL. 2 0 I fq 2./0 . / 08 .Z../17-11.6- .5/A/Ol- /4N0 E4Z0 GEAR /A/ OPEWAT/ON. -33 
- . . .9 3, I 
3/ / / 9.5- z 0 ./0 4(50 5/ Z 
...36 
4 4 
.5Z 
- `'..3Z 8 36 / '741 20 .3 .46 6 ..520 - 
5 41 .2". 3 `'..3.e 1 /7.5 20 9. 7 7 .487 TOOL 44EG/404/A/40 . 45 
6 4-Z. 3-.3. / 96 z o 9. 6,5 8 8 486 8 ..,,e ,4 
7 4 2: 6.3 /5 _L I 96 20,-4G' ..4 76 .504 .3 - iz 64 L eg .3.e 
8 .3 '---/- . 5 - ..,--..., / fe 36 6.50 , .33 2 766 
.3Z. 
DEPARTMFNT OF MECHANICAL ENGINEERING., K. S. A. C. 
MADE AT lv/AAWATTAN=-- 1(AAL..5,48. 
ikiEcfrif. EA/G. 1-4e3oR.-.1rom--: 
0 N /4 . (MACHINE AND SIZE.) 
DA TE - 7.90.1 &/_6HT hi7c) /\,/ (KIND AND NATURE OF MATERIAL.) 
MACHINE -TOOL TEST. 
OBSERVERS: 
C.S.Dc R.63 0i9' N. 
No. 
/ 
Ditrensions of Stock. 
(Diameter or thickness.) 
Cut. Feed. 
. P. NT. 
------------------ 
- 
Seale 
Reading. 
(lbs.) 
H. P. 
- - 
Remarks. 
Original. Final. Dyn. 
2 05 
Coun r 
Shaft. Spindle. Total. Per cubic inch metal removed per minute. 
. 0 .00 ,C).) --A4.4 mow/ 7-EiT &,--41-,4 rIGE-.0 Fici'E112/F: ALL 2_04.o. 2 0 , 2 o 3 2.10 ./ /3 LATHE 5P/N.1-. Ana:, FEED GEAR. /r./ optee.ArioA/. 
- 
,..,--z- 
i--- 1- ARC> 0/I- U$5 a AWE - ..4.5./497-X.O. 
..., 
___ZXe 
27 / j'i Z 0 / 22 5.00 .  .4. / 5 .757 
- 
1.5" ...i__ 
-7--- 
4 .5 
.3z 
59 
1.28 3,2 0.e 22 6-20 .4 ZS .5213 / -- 64 
4O0 2/ 4O .816 1.05 7002_ "TEGR-ounta.. /vo o/1.... 
5 6 2- / R 1 3,e .0 0 / Z.Z 8.00 4..3 / 786 -72 
-f-2' 3Z___ 4:53 7 
87-217 
z / .3z - /.37'-2.3 .3 ..,.z .3z / ?;(2 54 /6.00 735 . 8 77 
/-- /73 48.75 7: / 0 .36.3 :700 TOOL.. litea9ROUNA13. . 
9 i 2 5 144 , i /6--:g 3 32 /9 35 /0.80 .5.52 .71/ 
-----2-9--/-7 
16 
1_0 if -7 - - / /76 /2 770 -390 770 rooz... RE .5 A70 GOV 0 . 
_. LI i / - 3 Z 1 Zi., 75 20 / a 3 0 . 5/ 9 . 8 p /f- Z 
___/____/_37e-. / ,z 
-,e- 193 .50 /2.00 .575 .86Too z_ 1TE F o c/A4c). .3 z 
- 
.32 
_ /3 /- 36 /0.60 .543 453 
..; 
1 
DEPARTMENT OF MECHANICAL ENGINEERING., K. S. A. C. 
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